mRNA turnover in human mitochondria, one of the key mechanisms governing mitochondrial gene expression, still presents an unsolved puzzle. The present article summarizes the current research on the mechanisms and enzymes that may be involved in that process.
poly(A)-binding protein, the poly(A) tail acts as a stabilizing factor, whereas, in bacteria and chloroplasts, polyadenylation promotes transcript degradation. The monophyletic origin of mitochondria might suggest the existence of an uniform bacterial-like regulation in these organelles; interestingly, however, although polyadenylation in plant mitochondria does lead to transcript degradation, the situation is surprisingly different in protist and yeast mitochondria. The stabilizing role of poly(A) tails of edited protist mRNAs compared with rapid decay of unedited polyadenylated transcripts has been demonstrated (reviewed in [4] ). Yeast mt-mRNAs lack polyadenylation; instead, an encoded dodecamer sequence is implicated in controlling transcript stability.
The presence of stable poly(A) extensions at the 3 -termini of mitochondrial transcripts remains a puzzling feature. Oligoadenylation at the 3 -termini has been suggested to precede the addition of long poly(A) tails, but the source of oligo(A) extensions remains unclear [5] . The enzymes capable of polyadenylation, hmtPAP [human mitochondrial poly(A)-specific polymerase], or deadenylation, hmtPNPase (human mitochondrial polynucleotide phosphorylase), a homologue of bacterial and plant PNPases (polynucleotide phosphorylases), have been identified in human mitochondria. In an siRNA (small interfering RNA) hmtPAP-knockdown experiment, the three mt-mRNAs analysed seemed to be relatively stable, despite the shortening of poly(A) tails, suggesting that long poly(A) tails may not be required for mt-mRNA stability [5, 6] . In a similar study, the role of the hmtPAP and hmtPNPase in transcript polyadenylation and poly(A) shortening respectively were demonstrated by siRNA knockdown, with mtPAP depletion resulting in reduced steady-state levels of several mt-mRNAs and their translation products, causing mitochondrial dysfunction. This presented some discrepancies with the previous observations as to the role of poly(A) tails [7] . Nevertheless, consensus candidates for the components of the mt-mRNA turnover system seemed to be at hand, at least until recently (see below). The RNA-degrading machinery (degradosome) has been described in yeast and Escherichia coli [8, 9] . Although the subunit composition is not conserved, among the core components of both systems are an RNA helicase and exoribonuclease activities: Suv3p and Dss1p in yeast, and 6) has not been unequivocally determined; see [13] .
†Can be polymorphic, but this is correct for HeLa cells.
RhlB and PNPase in E. coli. Apart from the homologue of bacterial PNPase, the orthologue of yeast SUV3 RNA helicase gene has been found in human mitochondria; however, the human Suv3p (hSuv3p) has 10 4 -fold greater activity in unwinding dsDNA (double-stranded DNA) than dsRNA (double-stranded RNA), therefore its role in RNA degradation is unclear. Surprisingly, PNPase has been shown recently to reside in the mitochondrial intermembrane space, hence physically separated from the matrix-localized mitochondrial transcripts, clouding its role, if any, in mitochondrial mRNA metabolism. Subsequently, a potential role in many different processes maintaining mitochondrial homoeostasis has been attributed to that enzyme [10] .
Why is the human mitochondrial mRNA polyadenylated?
One undeniable reason for polyadenylation of certain mtmRNAs is the necessity of completing the translation stop codons [1] (Table 1 ). The other roles are still uncertain. A recent report described a patient harbouring a microdeletion in mtDNA, resulting in the loss of the termination codon for MTATP6 (mtDNA-encoded ATPase 6). This mutation did not prevent the proper processing of the 3 -end of the transcript (RNA14) or the synthesis of functional polypeptides from the non-stop template [11, 12] . However the translation-dependent shortening of RNA14 poly(A) tail and decreased steady-state level of that transcript were observed. Whether this could represent the natural deadenylationdependent mRNA degradation or rather an alternative surveillance pathway remains to be seen. Interestingly, a multistep RNA-amplification method revealed a low abundance of internally polyadenylated mRNAs. Poly(A) tails were proposed to target these truncated or fragmented transcripts for degradation, suggesting a coexistence of stable and unstable polyadenylation in human mitochondria [13] . A stabilizing role of polyadenylation of the natural 3 -termini, however, has not been confirmed, and the existence of a counterpart of the cytosolic protective poly(A)-binding protein in human mitochondria is uncertain. Discovery of the intermembrane space localization of hmtPNPase and differences in biochemical characteristics between hmtPNPase and the bacterial and plant enzymes [14] support the suggestion of its role in maintaining mitochondrial homoeostasis, with mRNA metabolism being one of the processes influenced by PNPase activity in an indirect fashion. Constitutive knockdown of PNPase in human cell lines demonstrated an effect on mt-mRNA processing and polyadenylation, but to different degrees for various transcripts [15] . These effects, which included abnormal 5 -and 3 -end processing and fluctuations in the length of the poly(A) tails, did not seem to influence mt-mRNA steady-state levels nor the polypeptidesynthesis rate and accumulation.
Although it has been studied extensively, the role of polyadenylation remains unclear. Further analysis is ongoing with respect to both mt-mRNA stability and also the possible roles in translation or co-translational insertion of nascent polypeptides (all highly hydrophobic intermembrane proteins) into the inner mitochondrial membrane.
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